Opposing functions of CREB and MKK1 synergistically regulate the geometry of dendritic spines in visual cortex.
Most excitatory inputs onto pyramidal neurons are made on dendritic spines. The geometry of dendritic spines modulates synaptic function; yet we know little regarding the molecular signals that regulate spine geometry. Here we report that neurons coordinately regulate the geometry of spines to compensate for variability in spine number, by a process requiring the transcription factor CREB and the kinase MKK1. We find that CREB function is induced, whereas MKK1 is inhibited, by activity blockade. To obtain evidence that CREB and MKK1 regulate dendritic spine geometry in vivo, we coexpressed green fluorescent protein and dominant negative CREB or MKK1 in pyramidal neurons of the intact rat visual cortex. Spines on apical dendrites of layer 3 neurons were then characterized by confocal microscopy. We find that CREB and MKK1 regulate spine geometry in opposite ways. MKK1 is required to reduce spine head size when spine density is high, whereas CREB is required to enlarge spines when spine density is low. Our data suggest that CREB and MKK1 might function as complementary negative feedback mechanisms to maintain synaptic drive within bounds.